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Mfi fl lOd Of Mnktnn Pa it erned RetarHnr 

The present invention relates to an improved process for the manufacture of 
patterned optical retarders for use in such applications as, for example, in 
5 polarisation conversion optical systems or LCD projectors and in three- 
dimensional autostereoscopic displays, and to patterned optical retarders or 
optically active elements for such patterned optical retarders fabricated by the 
process. 
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It is known to manufacture patterned optical retarders by applying a 
polymerisable liquid crystal (LC) material to a suitable substrate, aligning the 

LC layer to a suitable pattern whilst in the LC state, and curing the LC layer to 
lock in the alignment The LC layer may be oriented for example by 

application of an external force (eg electrical or magnetic) or by rubbing the 

substrate beforehand, which is found to introduce properties to foe substrate 

surface such as to encourage alignment 



The suitably aligned LC layer forms the optically active element of the 
retarder device, which can then be retained on the original substrate, 
20 transferred onto anofoer substrate, given suitable surface treatments and/or 
used in conjunction with other suitable layers to form a device of desired 
properties. 



European patent 89200427 (Mips, filed 22.02.89) discloses a method of 
manufacturing a laminated optical element using a polymerisable liquid 
crystal (LC) material. The LC layer is oriented by means of an external force 
or by rubbing the substrate beforehand. Also disclosed arc various methods of 
Physically patterning foe LC layer, for example by depositing foe LC material 
onto a surface with the negative of the desired pattern, orienting the LC 
material by mean, of an external force, polymerising the LC to tlx the 
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orientation and then removing the LC layer onto another substrate. Another 
method disclosed is the patterning of the LC layer by irradiating it ftrough a 
mask so as to polymerise only selected regions of the LC. 

European patent 0887 667 (Sharp Laboratories of Europe) discloses a method 
of making a patterned retarder by polymerising bii'efrmgent material aligned 
on a single alignment layer, selectively rubbed in two different directions. The 
method includes rubbing of an alignment layer uniformly in the first direction, 
masking with a mask to reveal a second region of the alignment layer and 
rubbing it through the mask in the second direction, removing the mask, 
disposing on the alignment layer a layer of birefringent material whose optical 
axis is aligned by the alignment layer, and fixing the optical axis of the 
birefiingent layer. 

US patent 5861931 (Sharp) discloses a meihod of making a patterned 
polarising optical element using photocured liquid crystal material and the use 
Of these elements as a latent parallax barrier in a 3D autostereoscopic display. 
Odd and even pixels of the LCD display create different images for left and 
right eyes. The parallax barrier attached to the display artificially restrict the 
zone where each eye sees its own image. The brain then creates me 3D image. 

US 6 222 672 (Sharp) discloses an imaging system with improved achromatic 
bandwidth. It describes a method of correction of chromatic dispersion in 
patterned retarder elements in reactive mesogen (RM) made by the multi 
rubbing technique discussed earlier. Such a patterned retarder includes first 
patterned retarder regions of half-wave plates having their optical axes 
oriented at equal but opposite angles followed by an additional half wave plate 
element with its optical axis at */- 67.5 degree to the first polarisation axis. 
The patent does not give any details of retarder fabrication, except clear 
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indication (column 9) that it is made of photoeurable liquid crystal RM257 
(Merck) patterned by photolithography. 

EP 0689 084 discloses a linearly photopolymerisable material which may be 
used as a patterned alignment layer for alignment of bireftingent materials. 
However, in order to produce a retarder having regions of different retarder 
orientations, two or more photolithographic steps are required m order to 
expose the linearly photopolymerisable ali gnmen t material. These 
photolithographic stops must be correctly registered with each other, which 
adds to the complexity of the process and reduces pitch tolerance of the 
patterned retarder. 



The present invention relates in particular to a method for the manufacture of 
patterned optical retarders which relies upon the aligning properties of a 
15 substrate layer onto which a polymcrisable liquid crystal (LC) material is 
applied, and aligned to a suitable pattern whilst in the LC state, and cured to 
lock in the alignment. It is primarily an alternative to systems based on the 
use of a single alignment layer, selectively rubbed in two different directions 
to produce an alignment pattern, such as described in European patent 0887 
20 667. Such methods involve multiple steps in the preparation of the alignment 
layer, particularly when a complex shape is involved, so that the process is 
laborious and slow and does not lend itself to rapid manufacture and in 
particular to continuous manufacturing processes. 

25 in addition to the known methods of aligning a polymerisable liquid crystal 
layer to produce patterned retarder elements as above described, a number of 
other alignment methods are known generally in relation to liquid crystal 
devices. A number of sources disclose alignment of liquid crystals on 
microgrooved or microstractured surfaces. 



30 
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For example "Control of liquid crystal alignment using stamp** morphology 
method" by E.SXee et al in Japanese J.Appl.Phys, Vol 32, Pp L1436-L1438 
Cl£>93) describes a method of single domain alignment of liquid crystals on an 
optical alignment polymer layer coated on a heat curable resin layer having 
microgrooves. US 5 917 570 (DERA) describes the use of surfece relief bi- 
gratings made to photoresist to align liquid crystal materials to a display 
device. It also mentions that the grating surface can be formed by embossing. 

However, it has not been suggested that d ieS e methods could be applied in 
relation to a polymerisable liquid crystal nor do they relate to the manuractore 
of patterned retaider elements. 



It is an object of the present invention to provide an improved process for the 
manufacture of patterned optical retarded which mitigates some or all of the 
15 above disadvantages. 



It is a particular object of the present invention to provide an improved process 
for the manufacture of patterned optical retarders based on prior alignment on 
a single alignment layer substrate which mitigates some or all of the 
20 disadvantages associated with conventional techniques wherein a pattern is 
applied to the alignment layer by rubbing. 

It is a particular object of the present invention to provide an improved process 
for the manufacture of patterned optical retards which lends itself to the 
25 manufacture of reorders of complex shapes and/or to the rapid and convenient 
manufacture of retaider* to quantity and in particular by continuous processes. 

Thus, according to a first aspect of the present invention, a method for the 
manufacture of patterned optical retarders comprises the steps of: 
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Fonning an alignment layer comprising a spatially patterned monogmting-like 
surface relief mkrostnioture formed into a suitable receptive material; 
laying down a polvmerisablc liquid crystal, and in particular a curable liquid 
crystal such as a procurable liquid crystal, onto the alignment layer, 
5 polymerising the liquid crystal layer to fix me alignment 

The present invention is thus a method of fabrication that substantially reduces 
the number of technological stages, complexity and operational tolemnces 0 f 
fabrication of broad wavelength band patterned retarder elements made of 
10 photopolymerisable liquid crystals with improved achromatic performance. A 
further advantage of me method is that the regions of the patterned retaider are 
generally more clearly defined than using previous methods. 



15 



20 



In essence, the method comprises only three basic steps. 

First, a spatially patterned monograting-like surface relief microstore is 
fabricated whose purpose is to align the polymerisable liquid crystal into the 
desired pattern for the patterned retarder. The direction of the microgrooves in 
the surface relief microstore is defined by the design of the patterned 
retarder, being the same within one region or zone where the orientation 
should be in one direction and different in other regions or zones where the 
orientation should be in a different direction. 



25 



30 



The surface relief microstructure is fabricated in any suitably receptive 
material to form an alignment layer. This layer may be first deposited on a 
smtable supporting substrate or may integrally form such a supporting 
substrate. This substrate may comprise the substrate eventually used in the 
device or a part thereof, or the optically active aligned LC layer may 
subsequently be tamsfeiied to an alternative substrate material. 
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Second, a suitable polymerisable liquid crystal is coated on top of the surfece 
relief pattern, Interactions between the liquid crystal and the surface relief 
pattern result in an ordered alignment 0 f the liquid crystal through the 
thickness of the coated film. The optical axis of different regions of the liquid 
5 crystal is determined by the direction of the microgrooves of the surface relief 
Structure beneath it. 

The third stage is the polymerisation or curing of the liquid crystal so as to 
lock in its alignment, and so produce a layer adapted to serve as the optically 
10 active basis of the retarder. 

In one embodiment of the invention a polymerisable liquid crystal is deposited 
on single alignment layer. In an alternative embodiment of the invention a 
plurality of laterally spaced alignment layers may be used wiih liquid crystal 
15 material therebetween. For example two alignment layers can be used, one 
either side of the liquid crystal material to align the liquid crystal layer.' The 
liquid crystal material form a cell between me alignment layers and is then 
aligned therebetween. The pattern on each alignment layer in this case may be 
the same or different. This can be used to provide thicker layers, layers with 
20 other functionality etc. 

Where a pair of alignment layers are used with a liquid crystal material 
therebetween the gap may be controlled by any suitable manner. This may 
include laying down a LC layer of controlled predetennined thickness, or 
25 using mechanical separators, such as spacer bead* or embossed pillars on one 
or both alignment layers. An excess of LC material can then be deposited 
between the alignment layers and pressure applied to bring the desired space. 

Where a pair of alignment layers are used with a liquid crystal material 
30 therebetween to form a cell, fimher means may be provided to assist in 
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ahgnment of LC material within the cell. For example ^magnetic or 
mechanical force* may be applied to facilitate alignment and/or mrther 
alignment layers may be provided in a multilayer laminate structure. 

The arrangement of the spatially patterned monograting-nke surface relief 
microatructore is detained by the application for which the patterned 
retarder is to be used. For example in the case of a polarisation conversion 
opnea! system for an LCD projector it would consist of a series of stripes of 
width and pitch corresponding to the pitch of the polarisation splitting 
element. In the case of a parallax barrier for a 3D display it would correspond 
to a senes of stripes of width and pitch defined by the pixel size in the 
LCD display. 

The spatially patterned monograting-like surface relief miciostntctute may be 
made by any suitable known method. For example one or mo* of fee 
following methods may be suitable: replication from a mould tool (for 
example embossing (Uv cure and thermal), casting, injection moulding), 
holography, e -beam writing, laser writing, photolithography, diamond 
machining or mechanical ruling. 

In the case of photolithography for example, a photoresist material can be 
exposed using a photomask that has both the required pattern for the 
macroscopic spatial patterning of the restructure and the microscopic 
pattern for producing the microstrucrure itself, 



The most preferred embodiment of the invention is where a replication method 
» used to produce fee surface relief micmstructure. In this prefelxed 
embodiment the first general method step comprises the two stages of fust 
creating a mould tool comprising a spatially patterned monograting-Iike 
30 surface relief microstructure and feen forming me SUrface M pattBnj ^ ft 
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suitable receptive material using the said mould tool. This may be done for 
example by embossing (UV cure and thermal), casting or injection moulding. 
Preferably, a mioromoulding technique j s uwd to form the sutfitee relief 
pattern. 

m a particular refinement of the method, a single master is first created 
comprising a spatially patterned monograting-like surface relief mierestmeum, 
and this single master is then used to prepare one or more mould tools as 
above descried. The mould tool may be in any suitable fenn for the 
moulding process envisaged. For example a mould tool having a plate 
geometry might be suitable. However in a preferred embodiment, especially 
for application to continues production processes, the mould tool is preferably 
in the form of a roller, and in particular preferably presents a substantially join 
free and felly circumferential external surra r.c thereon. 

In one alternative this is done by: forming a master pattern having a contoured 
metallized surfed which conforms to the requiied relief structurej 
electreforming a layer of a first metal onto the metallized surface to form a 
metal master, releasing the metal master from the master pattern, repeating the 
electroforming process to form a metal embossing shim, whether a sflim plate 
or in the preferred embodiment a join-free metal shim tube, and embossing the 
relief structure into a polymer film so as to provide an embossed film having 
fee desired mould features. 



25 



30 



One of the advantages of this route is that the complex spatially patterned 
monogratmg-ltke surfed relief microstore need only be made once as the 
master and then a more robust mould tool made from it by electmfonning (for 
example fe nickel) or by casting in some polymers (eg rubber), glasses or a 
low melting point metal. The mould tool can then be used to make many 
apneas. The master plate can for example be produced by one or more of fee 
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following methods: holography, s . beam w , tiugj laser 
photolithography, diamond machining or mechanical ruling. If desired, the 
master plate itself can be used a, the mould tool. Surface release treatments 
<»n be applied to the mould tool to prolong its lifetime and aid release. 

5 

The present invention may be used to produce a surface relief microstructore 
having a plurality of zones of different alignment (and hence a retanfar having 
a plurality of such zones). Such a structure is particularly Hard to produce by 
rubbing, since it is difficult to obtain accurate delineation of the different 
10 zones. The different 2ones may ilfive ^ ereilt]y pattemed reHef 

microstores and/or similarly patterned relief microstores in different 
orientations. 



IS 



20 



Optionally, the spatial pattern of me monograting-like surface relief 
microstore can be produced by contracting a new master mould tool from 
a plurality of sub-master mould tools. Each sub-master mould tool may first be 
made from an anpattemedmonogmting-like surface relief microstore. The 
different alignment directions come in this case from the directions in which 
the sub-master pieces had been cut out and reconstructed to make the new 

master mould tool. This new master mould tool can be then converted into an 

embossing mould tool is fee desired form. 



The preferred replication method is by embossing the surface relief 
microstructure into a polymerisablc polymer material, such , s a photocurable 
25 polymor resin material, coated as a thin layer onto a suitable substrate. A 
continuous embossing process is preferred. In this preferred method a relief 
forming material which comprises an organic or inorganic material or 
precursor thereof which is polymerize, and in particular which is curable 
(whether photocurable such as UV curable, thermally curable, chemically 
30 reaction curable or some combination thereof) or thermally formable is 
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applted to a supporting ft* hyer having a receptive surface rf 

^ felief f °™^ mate -' »>y reaction forming or micromoulding 
with use of an advancing lin, of contact along ,„d progressing across the 
surface of the supporting layer to provide, a surface relief microstmctured layer 
retard on the supporting lay,, Where applicable, the surface relief 
microstructured layer is then cured. 

In particular, the technique described in International Patent Application No 
W096/35971 and US patent application OS/619,717 and applied in 
W098/21626, the contents of which are hereby incorporated herein by 
reference, is espepially preferred. 

Thus, the preferred method for crca.ing the surface relief ^restructure in a 
polymerisable polymer material on a flexible ,ub S{! ate comprises the steps of: 
15 creating an embossing roller with a surface relief of the dimensions required to 
fonn the desired alignment layer surface relief microsrructure, with fh e surface 
rehef running around the circumference of the roller, preferably for 
substantially the entire circumference in join-free manner 
coating one side of a flexible substrate with a suitable pol^erisable polymer 
20 material layer and contacting this , ayer whh the embpssing roller so ^ ^ 

transfer the alignment microrelief partem into the polymerisable polymer 
layer; 

polymerising the polymer material layer to f orm the layw 
preferably while in contact with the e,„bo.,sin y roller prior to film release. 

Thus, the preferred method for producing the alignment layer on a rigid or 
non-transparent substrate comprises (he steps of: 

forming a line of content between the receptive surface and at least one mould 
feature formed in a flexible dispensing layer; 



25 
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applying sufficient of a polymorisablc polymeric material to form the relief 
forming polymer, to substantially fill the at least one mould feature, along the 
line of contact; 

progressively contacting the receptive surface- with the flexible dispensing 
5 layer such that the line of contact moves across the receptive surface, and 
sufficient of the polymer material is captured by the mould feature so as to 
substantially fill the mould feature; 

polymerising the polymer material filling the at least one mould feature so as 
to form the relief microstructure; and, optionally, thereafter 
1 0 releasing the dispensing layer from the relief microstructured layer. 

In either case, the polymerisable polymer material is preferably a resin, 
capable of being cured. 



15 
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The advantage of this method is that the patterned reader elements may be 
produced by a continuously running (for example sheet feeding) or reel to reel 
process. Thereby the process is wel l .suited for high volume production of the 
patterned retanier elements. Another advantage of this approach is the 
complete absence of precision lithography. 



The liquid crystal may he coated onto the surface relief microstructure to the 
thickness and tolerance required by a range of coating and printing methods 
known in the art Preferred methods include spin coating (for single 
substrates), precision bead coating or techniques that precisely meter the 
25 precise coat thickness such as gravure coating. 

Table 1 compares the methods of fabrication of a patterned retarder by multi- 
rubbmg, according to European patent 0SS7 667 (Sharp), with the method of 
this invention. It is clear that the new method proposed significantly reduces 
30 the number of steps of the process. A further advantage of the proposed 
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method is that the patterned reader elements may be produced by a 
continuously running or re*I to reel process. Thereby the process is well 
suited for high volume production a f the patterned reorder elements. Another 
advantage is the' complete absence of predion lithography. It should also be 
noted that the processing tolerances arc reduced compared to the prior art 
method. 



prior art process 



1 . Coat substrate with alignment 
material 



2. Bake alignment material 

3. Rub in first direction 



4. Coat with resist 



5. Expose resist through mask 

6. develop resist 



7. Rub over resist in seco nd direction" 
_8. Flood expose resist 



9.Develop resist 



Process of current invention 



L Coatsubstrate with UV curable resin 



2, Emboss aad cure surface relief 

niicxostructure 



3. Coat with polymerisable liquid 

crystal 



J ^lygerise liquid crystal 



10. Coat with polymerisable liquid 

crystal 

1 1 .Polymerise liquid crystal 



IS 



The supporting layer may be rigid or flexible, but is preferably flexible for 
application to continuously running or reel to red processes. 



The suitably receptive material ruay be supported on a range of substrate types 
including polymers (flexible and rigid, and m.n-polymers such as glass. The 
substrate may optionally be prc-coa,,d „ ,tner vvith either an anti- 
reflection layer (when the 4* mmt i3 t0 be iISC£ : in lrfln , mission) „ a 
20 layer. 
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The period of the monograting-IDce microslructure may be uniform across the 
relief patterned area, may be different for (iifferc.nl regions of the relief 
patterned area, or may vary across the relief patterned area. In any event, the 
5 period of the monograting -like microstrucru. c is pix fotably below 5.0 micron, 
and more preferably below 2.0 micron. The period is preferably at least 0.1 
micron and most preferably lies in the range 0.2 to 1 .0 micron. 

The depth of the monograting-like microstructure may be uniform across the 
10 relief patterned area, or alternatively may be different for alternating stripes 
with different direction of grooves, or may van' across the relief patterned area 
or between different zones in the relief patterned area. In any event the depth 
is preferably sub-micron, preferably in the range 0.02 to 1.0 micron and in 
particular 60nm to 350nm. The den.h of the microstructure should be 
IS significantly less than the thickness of the Uc r .id crystal film it is being used to 
align otherwise the microstracmre itself v. ill -, r .d to have an adverse effect on 
the optical retardation properties of the liquid crystal fil m. 

The cross-section shape of the monograting-like microstructure may be 
20 symmetric or asymmetric. 

One example of a useful optical retarder element is where the macroscopic 
pattern comprises a series of alternating snipes or bands. Within one stripe, 
the microgrooves are generally parallel and oriented in a first direction at a 
25 first angle to the boundary between the slopes and within an adjacent stripe 
the microgrooves are generally parallel and oriented in another direction at a 
second angle to the boundary between the ,tr. .vs. These angles may He in the 

range from 0 to 90, morn preferably ro- 15 to AS degrees. In one 

embodiment, these angles are equal and opposi 

30 
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The orientation of the optical axis of the cured LC lies largely along the 
direction of the microgrooves of the surface relief pattern. In the simplest case 
therefore one can make a uniform retards for use in combination with a 
patterned retarder by using a simple t.np^:tcrncd monngmting surface. 

The suitable receptive materia! 3 houM ,!so have optical and physical- 
properties that do not affect the performance of the phase retarding optical 
element. 



10 The material into which the monograting-like surface relief microstroke is 
fabricated (suitably receptive materia)) should be one that replicates the 
surface relief without significant distortion or error. 

In the case where the optical retarder element is designed to operate in 
15 transmission, the suitable receptive material should have negligible 
birefringence (preferably less than ■) 00 ) . r. 1 should be as transparent as 
possible over the operating wavele^th rp-gf the element. 

In the case where the optical retarder dement is designed to operate in 
20 reflection, the suitable receptive material may be coated with a metal or 
multilayer dielectric coating so as to make it reflecting, after it has been 
patterned with the monograting-like surface relief microfracture and/or the 
fabricated aligned patterned LC layer may be subsequently transferred to a 
substrate of or coated with such material. 

25 

There may or may not be a supporting ub^.e for the suitable receptive 
material. 

A range of coating techniques knew in -,e ,rr (for example spin, gravure, 
30 roller or K-bar coating) may be used so as to form a uniform coating of liquid 
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crystal of known and controlled thickness on top of the monogmting-lifce 
surface relief microstructure. The optical thickness of the liquid crystal layer, 
along with its birefringence, determines (ho physical thickness required to 
Obtain the desired retardation of light of a «-nain wavelength. 

The polymerisable liquid crystal „ !ay he. coated from solution (for example 
using xylene or PGMEA as solvent,) or .from 100% solids using temperature 
to control or reduce liquid viscosity. The liquid crystal needs to be in a liquid 
crystalline phase in order to align before curing. In solution it is normally in 
the isotropic phase and when the solvent is removed during coating it enters a 
liquid crystalline phase on the surface of the microstructure. 



It is desirable that immediately before alignment the layer is pirt into the 
isotropic phase to eliminate defects, unwanted ordering etc . In a preferred 
15 embodiment of the method, particularly T the liquid crystal is not already in its 
isotropic phase when applied, then ,V IX ,h., ki be reformed (for example 
by heating) to its isotropic phase and baa t, , i K1 ,hd crystalline phase prior to 
polymerisation. 



20 



The temperature at which the liquid crystal is polymerised may be varied so a s 
to fine tone the retardation of the element since the higher the temperature the 
lower the birefringence and hence lower the retardation for a given thickness 
of liquid crystal layer. 

25 m the case of the phofopolymerisable liquid crystal RM34 (ex Merck) the 
liquid crystal is cured under nitrogen usiny a UY lamp. 

A variation of the mam process allov , -» lt , . ( . r - x . n 



mg 
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(a) the surface relief pattern is produced into a suitable receptive material 
as previously described. 

(b) the polymerize liquid crystal is coated on top of the surface relief 
pattern* 

5 (C) A second surface relief ali„. .meat n.-.ttern is laminated on top of the 
liquid crystal 

(d) the polymerisab'e liquid cr, ,t,.l i: f. , i .merised 

Alternatively, two alignment surfaces are. produced and the liquid crystal is 
10 metered into the gap between them. The gap may be set by the volume of 
liquid crystal dispensed or by the use of spacers. 

A variation of the main process described above that, allows the re-use of the 
part with the replicated surface relief is described below. 

15 

Ca) the surface relief pattern is p, educed : nto a suitable receptive material 

as previously described, 
(b) the polymerisahlc liquid cr <• : 1 i . £ - ,, d on top of the surfkce feIief 

pattern. 

20 (c) the polymerisable liquid crysu.l is polymerised. 

<d) a layer of adhesive is coated or laminated onto a suitable carrier 
substrate. Suitable carrier substrate materials arc optically transparent 
ever the wavelength range of interest and have low birefringence. For 
example glass, quartz or one of a range of plastic films such as those 
25 made from polyethersulphone, polycarbonate, polyarylate, cellulose 

diacetate, cellulose triacetate, triinefihyJpent-3-etie, cyclic 



or similar, 

(e) The surface of the polymmYahle :,c;u i crystal film is Contacted with 
the adhesive layer 
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(f) the suitable receptive layer and the adhesive coated carrier substrate are 
separated thereby transferring the polymerised liquid crystal layer onto 
the adhesive coated layer. 

In order for this process to work successfiillv. the polymerised liquid crystal 
layer must adhere more strongly t the a ivc layer than to the suitable 
receptive material. This is achieve :,, , :j i choice of materials for the 
adhesive and the receptive layer;,. 



In a further embodiment of the invention., the method may be used repeatedly 
so as to buildup a series of patterned (or uniform) retarder layers so as to give 
the patterned retarder element improved optical functionality (for example 
decreasing the variation of the retardation with wavelength). The additional 
patterned (or uniform) retarder layers may be formed either directly on top of 
15 the polymerised liquid crystal layer or on the back of the substrate supporting 
the suitably receptive material. 

In a further embodiment of ifo xv~ «*< • . • substrates arc produced, one 
with the alignment mic.orcl.ief . „.. a • ,ne vrith the alignment relief 
microstructure superimposed on a m..~V: . • ..f structure of a different type 
(for example microprisms). The two suMnr •< brought together and the 
liquid crystal is metered into the gap between them. The gap may be set by the 
volume of liquid crystal dispensed or by the use of spacers. The liquid crystal 
layer is then polymerised and optionally one or both of the substrates 
25 removed. 

Optionally, other layers with other optical functionality, may be introduced 
into die multilayer element described above by lamination using appropriate 
pressure sensitive or cu, h, adhcriv, 1 , - -mipk a sheet of conventional 
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uniform linear optical retarder film may be included or a sheet of dyed film to 
give a colour effect or to apt as a colour Filter. 

The aligned LC layer forms fee optically active element of the retarder device, 
5 which can then be retained on die original substrate, transferred onto another 
substrate, given suitable surface lre,nmn K rnd/or used in conjunction with 
other suitable layers lo form a rovL .»f .'on •• J properties. 

Thus, in a further aspen, a me:-.oc for -h- .Manufacture of patterned optical 
10 retarders comprises the steps above describe of forming an alignment layer 
comprising a spatially patterned rnonograting-like surface relief rnicroatnicture 
into a suitable receptive material; laying down a polymerisable liquid Crystal 
and in particular a curable such as a photocurable liquid crystal, onto the 
alignment layer; and polymerising the liquid crystal layer to lb; fce alignment 
so as to produce a liquid crystal clement for an optica! retarder, and the further 
step of transferring the liquid crystal layer to a suitable secondary substrate, 
which may be preselected and/o; «ibsequcntlv coated/u^atcd for other desired 
optical or other properties, and ot.tinn.,11-, ti c farther si.«p of removing fion 
the liquid crystal eleme- ,he *ia :. , nt !a and/or nay primary substrate 
Onto which the alignment layer v. : s vu u -.icposned. 



15 



In a forther aspect, the invent™ comprise, a patterned optical retarder or a 
liquid crystal element for use in an oprical retarder manufactured by the 
foregoing method. In particular, a patterned optical retarder or a liquid crystal 
25 element for us in an optical retarder comprises an alignment layer comprising 
a spatially patterned monograting-like surface relief microstnicture fabricated 
from a suitable pattern-receptive material, and optionally laved down upon a 
supporting substrate; and an optically active layer of a%««l polymerised 
liquid crystal material. 



30 
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Preferred features of these further aspects, n«d m particular of the material, 
and of the fabrication and structure of the surface relief microstructuie, will be 
understood by analogy wifli the foregoing. 

5 The invention will now be described by w ay 0 f illustration in the form of 
certain examples and with reference to figures 1 to 6 of the accompanying 
drawings in which: 

Figure 1 illustrate an embod'r or the tnventive process to produce a 
10 patterned retarder element; 

Figure 2 illustrates a surface profile of mi example grating for use in the 
method of the invention: 

Figure 3 shows transmission data for optical retaxder; 
Figure 4 shows surface relief profiles for an example device; 
15 Figure 5 shows a transmission spectrum for an example device; 
Figure 6 shows a transmission spectrum for an example device. 

Figure 1 illustrates an embodiment of the i.^cntive process to produce a 
patterned retarder ekmanr. Op-:,.' ,c : I to make a mould ..col, step 2 is 
20 to produce the smW r: c- pa:.. r , , ^ .,; c material by suitable means, 
step 3 | S to coat and _-, r , the , ,.me,i Si , !, liquid crys,,! to lock to the 
alignment and orientation of the liqm 1 erys.: ! Examples of suitable material 
combinations follow. 

25 Example 1 

This example describes the fabrication of a phase retarding optical element by 
means of the Improved process described in the main text of the patent. 
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A monograting surface relief profile was manufactured on the surfece of a 
nickel plated roller by means of single point diamond turning. The surfece 
profile of the resultant grating was recorded by Atomic force microscopy 
(AFM) and is shown in Figure 2. 

The period of the grating was 0.3 urn and the depth of the graiiug was 60 nm 
The roller was used to make a f.e ,Me mo,,,: tool by coating a 175 u» thick 
PET film CMIine* grade 5051 w - , pc , i;i ; Emulated UV curable acrylate 
resin and embossing the ,urJl,~ ici g,,,., s from the rollsr ^ ^ ^ 
cured acrylate resin. The [/V c,,,os ? .lne ,as earned on,, as described in 
W096735971 at a speed of 0.5 m „un and nip pressure of 2.5 bar. The resin 
Was cured with a UV lamp system using a fluence of approximately 180 W 
at a peak output wavelength of 365 nm. The thickness of the embossed cured 
resin layer on the PET film was 3 pm. 



Using the same process as for the fabrication of the flexible mould tool, the 
flexible mould tool was used to ( IV emboss the surface relief grating into a 
coating of a second UV enable ,cr,!a,e res:-, (the suitable receptive material) 
on a glass plate. The thickness a f t j „ embossed cured resin layer on the glass 
20 was 3 jam. 

The resultant part was *,£,, c,-,;.,i Uain|5 .. 40% by weight solution of 
pbotocurable liquid crystal RM3-1 (ex Mercki :, xylene. The fcpln speed used 
was 2350 rpm with a dwell time of 30 S . This spin speed was chosen so as to 
25 g lV e a cured film thickness that acts as , half wave plat, for light with a 
wavelength of 550 no. Since the difference in refractive index between the 
oniinaiy and extraordinary rays in the aligned and cured LC film was 
measured to bo 0. J 545 at 590 nm, the require thickness of the RM film to this 
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case is 1.8 um. The coaled RM film was cured under nitrogen at 20 °C using a 
UV lamp with a power output of I m VWcm 2 for 20 mm. 



as a 



5 



The finished optical part was tested by recording the transmission 
fonctioa of wavelength between parallel polarisers. The transmission was 
found to fell to a minimum of approximately 1% at a wavelength of 550 nm, 
indicating that the RM34 layer was aligned and acting as a half wave plate 
(see figure 3). 



10 Example 2 

This example describes the fabrication of ,. phase retarding ,, P ii.cal element 
using a surface relief grating of different shape and amplitude to example 1. 

15 An optically recorded reflective monograting was obtained from Spectrin 
UK Ltd. Glenrothes, Fife. The grating was specified as 3300 lines/mm (03 
m pitch). The grating was specified for operation in the visible (400 to 700 
nm). AFM analysis of fhc grating showed it to be nearly sinusoidal in shape 
with a depth of SO nm. A nickel crossing shim was grown by 

20 electroforming fro,v (hi, master v- r.e. .v A< analysis of tU nickel shim 
ahowedthatthegratn..: A ,, dw ithnocL. ..doftaptab 

and a small reduction Li r,ie , - :o . ch, : 62 and 65 , ,.. The nickel 
embossing shim was use;' to make .-. texibic mould tool by ecating a 175 m 
thick PET film (Melinex grade 505) with specially formulated UV curable 

25 acrylate resin and embossing the surface relief grating from the nickel shim 
into the UV cured acrylate resin. The UV embossing was carried out as 
described in W096/35971 at a speed of 0,5 m/min and mp pressure of 2.5 bar. 
The resin was cured with a U V lamp system using a fluence of approximately 
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180 J/cm 2 at a peak ov.:pui wavelength ox 365 nm. The ihbkness of the 
embossed cured resin layer on Hid PET film was 3 fim, 

Using the same process as for the fabrication of the flexible mould tool, the 
5 flexible mould tool was used to UV emboss the surface relief grating into a 
coating of a second UV curable acrylate resin (the suitable receptive material) 
on a glass plate. The thicjeness of the embossed cured resin layer on the glass 
was 3 jam. 



10 The resultant pan was spin :ot>r-l u*m* s - : 40 % by weight solution of 
photocurable liquid ciy 1 1 T-. v . \ Nler. <j in xylene. Thu ;:;.m speed used 
was 1600 rpm wirh a d seii d)...* i 40s T ii: spin speed was j-iosen so as to 
give a cured film thickness that .icts as a half wave pints for light with 3 
wavelength of 575 nm. Since the difference in refractive index between the 

IS ordinary and extraordinary rays in the aligned and cure;! LC film was 
measured to be 0. 1 545 at 590 run, the required thickness of the RM film in this 
case is 1.86 pm. The coated RM film was cured under nitrogen at 20 °C using 
the same U V lamp as for the embossing but with a JTuence of 1 R J/cm 2 . 

20 The performance of the resulting optica; retarder part was tC:».eii by placing it 
between parallel po* arise > an." ;.as i; t":o trartsrnissi; . :; a function of 
wavelength. The iracs cr ^ found Jail to 1% at a v \t length of 575 
nm. This indicates th\ i< ? ii:y "1 ryste! f:'ni has been orier/ ! by the surface 
relief grating. 

25 

Example 3 

This example describes the fabrication of a phase retarding optical element 
Using a surface relief grating of different period to example 1 and 2. 

30 
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The procedure of example 2 v ,s repeated except using a gmtirg specified as 
2400 lines/nun (0.4 urn pitch). The grntmg was specified for option in the 
visible (400 to 700 am). The measured optical performance of die half wave 
plate was very similar to that of example 2. 

Example 4 

This example describes the fabrication of a phase reading optical element 
using the transfer process described m the text. Also this example shows how 
elements can be succ^fbflv mad, using suifcoc relief gratings of different 
pitch, amplitude and shape. 



A series of three mor^ch-g -nrfaef relief patterns we,- ^brioatedby 
diamond machining into the surface of nickel coated rollers. The shape of the 
15 tool and the pitch of the pattern were varied. Tie resultant surface relief 
profiles was recorded by AFM and are shown in Figures 4 a, b and c. 

Each of these rollers in turn was taken and used to make * flexible mould tool 
by coating a 100 um thick PET film (Melius grade 505) with specially 

20 formulated UV curable acrylate resin and embossing the surface- .elief gating 
from the roller into the V v cured acrylate resin. The TJV ......bossing was 

carried out as describe,- in WO* >597l at a speed of 0.5 m.nin and nip 
pressure of 2 bar. Ther-.i ,-• : U, i-s , V lamp S ys- . ... s , a f, ueDC£ 

of approximately 1 St j. -,- ,. : , - -,k r, ;l ;,,t waveicngfo m ' 5 nm . The 

25 thickness of the a«nWd uurec • , iayer or, the PET .film -.v.,. ; a. ra . 

The resultant parts were spin coated using a 40 weight % solution of 
photocurable liquid crystal RM34 (ex Merck) in xylene. The spin .peed used 
was 2350 ipn, with a dwell rime of 30 3 . This spin speed was chosen so as to 
30 give a cured film thickness that acts as a half wave plate for light with a 
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wavelength between 45-, , nd 55! , r ,,.. Su; ,, : the diffcrence in : , iVactive ^ 
between the ordinary and extrH.-.iJi-ury ray,- in the aligned and ■ ared LC film 
was measured to be 0.1 S45 at nm, the required thickness of .he RM film 
in this case is between 1.5 and 1.9 nm. The coated RM film was cured under 
5 nitrogen at 20 °C using a W lamp with a power output of 1 mW/W for 20 



nun. 



A layer of UV curing acrylate rein adhesive was coated on top of the cured 
liquid crystal film by spin coating. Spin speed was 3000 rpm and dwell time 
10 was 30s. The thickness of the adhesive film layer was } 6 • un. ' "he adhesive 
coated film was laminated at room temperature onto a : ., mm ttiick 
borosilicate glass plate by pa s , rg l.c film and glass through :, dp between 
two rollers. A nip pr:s, ... ..r* , v kVas Ui , ± The adhcsivo . was ^ 
by placing the laminate;: pan u-.de. n UV !amp with a po* .-. output of 1 
15 mWW for 15 min. Finally, the PET film was peeled off to ie, c the cured 
and aligned liquid crystal film on the surface of the glass. 

The finished optical parts were tested by recording the transmission as a 
fiuiction of wavelength between parallel polarisers. All Since different 
gratings caused alignment of the liquid crystal film, as evidenced by the 
presence of a transmission minimum between paralk-i polar: sera in the 
wavelength range 450 to 550 nm. Figure 5 shows for example the transmission 
spectrum of the sample ohh.hn.-d ihjy. jmHmg ,c). 

25 Example 5 

This example shows the effect of coating die finished part < an index 
matching layer so as to reduce the effect of optical dlfflaeti*.. when the 
grating pitoh is larger than 0.4 um. 

30 
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ample 4 wltj taken and n I IV- .irecj coating 
»\*ico diem .so as to reduce • ic effect of 
grating used to align the- liquu. jrystal film. 



The refractive index of this material is 1.56 (between the indices of the o and 
e-rays, 1.54 and 1.69 respectively). Figure 6 shows the spectra obtained prior 
to coating of the Norland 6.1 onto the sample from grating (c) and afterwards. 
The transmission in the blue part of the spectrum has been significantly 
increased by the index matching film. The effect is most noticeable for the 1 
M*n period grating since its diffraction efficiency is highest in this part of the 



1 0 spectrum. 



m 
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Figure 3: Transmission (in %) of optical retarder pari between polarises as a function of wavelength 
showing minimum at 550 nin 
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Figure 4a : Saw tooth surface relief ptoMv wi-Ji i pm pitch and depth of 350 nm. 



nm 
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Figure 4b: Asymmetric saw tooth surface relief profile with with 0.5^m pitch and depth of 120 nm. 




Figure 4c: Sawtooth surface relief profile with with O.S^m pitch «ud depth of ISO ran. 
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Figure 4a : Saw tooth surface relief profile with Ijiro pitch and dtptjh of 3S& nnu 




Figure 4b: Asymmetric saw toofli surface relief profile with with (LSfim pitch and depth of 120 am. 
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Figure 4c: Saw tooth surface relief profile with with Q.5\un pitch depth of 180 wn, 
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